Characteristics of a Mycobacterium intracellulare reference precipitation system for immunodiffusion and immunoelectrophoresis analyses are presented. The system was produced by the initiative of the International Working Group on Mycobacterial Taxonomy, and the purpose is to permit comparisons of precipitinogenic patterns of mycobacteria obtained in different laboratories. The reference material, consisting of an antigen preparation and a corresponding antiserum, is available for students of mycobacterial antigens in accordance with guidelines adopted by the Working Group.
Immunodiffusion (ID) and immunoelectrophoresis (IE) are used by many investigators for taxonomic analyses and other research studies of mycobacteria (for a review, see reference 4). The knowledge concerning mycobacterial antigens is, however, small and scattered compared with that for many other genera. The need for mycobacterial reference systems that are internationally available for comparison of results from different laboratories has been recognized. Thus, in 1971, such a system was presented for Mycobacterium tuberculosis by the Mycobacterial Antigen Subcommittee of the U.S.-Japan Cooperative Medical Science Program (3) . In 1980, Closs et al. (2) introduced a commercially available antiserum against Mycobacterium bovis BCG. These two systems were recently compared (18) . The International Working Group on Mycobacterial Taxonomy has found it advantageous to establish reference systems for additional mycobacterial species. Accordingly, an antigen preparation and corresponding antiserum for a serological reference system representing Mycobacterium intracellulare were produced, and the present report describes this system.
MATERIALS AND METHODS
Bacterial strains. The Boone strain of M . intracellulare (TMC 1403) isolated at the Battey State Hospital was used. The strain was obtained from the Trudeau Mycobacterial Culture Collection, currently housed at the American Type Culture Collection, Rockville, Md. In addition, 25 strains of Mycobacterium species and related genera were included for comparison (Table 1) .
Antigen preparation for serological analyses. M . intracellulare cells were grown on Watson Reid medium (17) as surface growth, Thirty flasks, each containing 1,000 ml of medium, were inoculated from one seed culture. The cultures were incubated at 37°C for 6 weeks, harvested by filtration, and washed three times in sterile distilled water. The washed bacilli were suspended in an equal volume of sterile distilled water and disrupted by sonication six times for 5 min each time in an ice bath, at 150 W, at an output frequency of 23 kHz. An ultrasonic disintegrator (Soniprep * Corresponding author 150; MSE Scientific Instruments, Manor Royal, Crawley , Sussex, England) was used. The extract was centrifuged at 50,000 X g for 60 min at 4"C, and the supernatant was filtered through a Millipore filter (pore size, 0.45 pm). The sterile 1,500 ml of antigenic material was stored at -20°C.
Antigen preparations from 25 other strains were described earlier (11, 14) .
Antigen preparation for immunization. M. intracellulare cells were grown in two Blake bottles, each containing 200 ml of Long's synthetic medium (5) . After 3 weeks of incubation at 37"C, the cells were harvested and washed with sterile distilled water by filtration through a Buchner funnel. The cells were then pulse-sonicated (ratio, 50%) as a 50% suspension in sterile distilled water at an output of 157 W at 4°C. The instrument used was a 350 W sonicator (Heat Systems Ultrasonics, Plainview, N.Y .). The sonication was considered complete when the mass was reduced 75% or more. The sonicate was centrifuged at 40,000 x g at 4°C and separated into unwashed pellet and supernatant portions. The supernatant fluid was passed through a 0.22-pm-poresize membrane filter. Small aliquots were stored at -20°C.
Antiserum. Two burros were injected subcutaneously in the nuchal area and at four lateral sites with a total of 1.0 ml of an emulsion prepared as follows. Equal parts of a suspension consisting of the 50% pellet described above in saline and Arlacel A (Atlas Chemical Industries, Wilmington, Del.) and Drakeol 6VR (Pennsylvania Refining Co., Butler, Pa.) (35:65, vol/vol) were passed repeatedly from syringe to syringe through a double-hub needle. Subsequent immunization consisted of weekly injections of 0.5 ml of filtered sonicate from M . intracellulare given subcutaneously in the nuchal region. After nine injections, the precipitin production was considered to be maximal. Only serum from the burro which gave the largest number of precipitins was used. This animal was plasmapheresed four times over a period of 2 weeks, and 35 liters of plasma were collected. The plasma was clotted by the addition of 4 ml of 2 M CaC1, per liter of plasma and incubated at 37°C for 4 h. The clot retracted overnight at 4°C. The serum was filtered through a 0.22-kmpore-size filter and stored at -20°C.
Serological analyses. ID analyses by the method of Ouchterlony (8, 9) were done by a microplate modification (16) . (1) . Two-dimensional (crossed) IE (2D-IE) was performed by the method of Samuelson (15) . Selective enzyme staining of the 2D:IE precipitation pattern was performed as described by Ohman and co-workers (7, 12, 13).
RESULTS AND DISCUSSION
Using ID analyses of the M . intracellulare antigen-antibody system, 13 major separate precipitation lines were found (Fig. l) , one of which corresponded to the ribosomal antigen designated p (6, 10). The rocket IE revealed 55 precipitation lines (Fig. 2) . Analyses by Samuelson (15) using 2D-IE demonstrated between 60 and 70 individual precipitinogens (Fig. 3) .
The selective enzyme-staining technique in combination with 2D-IE was used to identify several of the precipitinogens as the following enzymes: adenylate kinase (EC 2.7.4.3); aldehyde oxidase (EC 1.2.3.1) ; glucose-6-phosphate isomerase (EC 5.3.1.9); leucine aminopeptidase (EC 3.4.11.1); leucyl-glycyl-glycine peptidase (EC 3.4.11.1) ; malate dehydrogenase (EC 1.1.1.37) ; mannose-6-phosphate isomerase (EC 5.3.1 .@; 6-Phosphogl~conate dehydrogenase 1.1.1.44 ) (from Ridell et al. [12) ). An example of the enzymatic stain demonstrating 6-phosphogluconate dehydrogenase in the M . intraceflulare precipitation pattern is given in Fig. 4 (12) . The precipitation pattern in this figure is somewhat different from that in Fig. 3 owing to small differences in the 2D-IE techniques used (7, 15) . A summary of precipitation lines identified as enzymes is represented schematically in Fig. 5 (12) . This figure contains some lines riot seen in Fig. 3 and 4 . The differences are due to the fact that certain precipitation arcs corresponding to enzymes were invisible until after the pertinent enzyme staining.
Antigen preparations from 10 strains of mycobacterial species and 15 strains representing other, related genera were analyzed with the M . intraceflulare precipitation pattern by comparative ID (Table 1) . M . intracellulare shared one or more antigens with all the 25 strains belonging to the genus Mycobacterium or allied taxa. All but one of the well-defined Mycobacterium species had four or more precipitinogens in common with M . intracellulare.
The M . intracellulare reference system presented consists of a large number of distinct precipitation lines and is thus well suited for comparative analyses by ID and IE. Many of tlhe M . intracellulare precipitinogens are common to other mycobacterial species, and some are also common to representatives of other genera such as Corynebacterium, Nocard'ia, Streptomyces, etc. An additional advantage of the rleference system is that a number of the precipitation lines are identified as enzymes of known specificity. Distribution of reference system. In accordance with guidelines adopted by the International Working Group on Mycobacterial Taxonomy, the purpose of reference systems is to permit comparisons of ID and IE results obtained in different laboratories. The object is to establish concordance between particular precipitation lines that different investigators already have demonstrated or may demonstrate in the future using other materials. The system is available to investigators who have studied or are studying mycobacteria using serological methods. It is, however, not restricted to mem-FIG. 5. Schematic figure of the M. intracellulare system. The precipitation lines corresponding to the eight enzymes given in the text are indicated: AK, Adenylate kinase; AO, aldehyde oxidase; GPI, glucose-6-phosphate isomerase; LAP, leucine aminopeptidase; PE, leucyl-glycyl-glycine peptidase; MDH, malate dehydrogenase; MPI, mannose-6-phosphate isomerase; 6PG, 6-phosphogluconate dehydrogenase. (From Ridell et al. [12] .) bers of the Working Group, but is available to any investigators who can provide information of interest in mycobacteriology by means of the present reference system. The distribution of material (antigen preparation and corresponding antiserum) is controlled by a referee committee. Applicants should describe the intended use of the reagent and enclose information (e.g., reprints) about their previous studies in related areas. Requests for material should be sent to Malin Ridell, Goteborg, Sweden.
